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Melanin and the ecology of southern pine beetle associated fungi
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Abstract
I report here a series of initial investigations into effects of melanins on the interactions of the three primary
species of fungi associated with the southern pine beetle (SPB), and into possible means for mitigating the
damaging activities of the melanistic fungus, Ophiostoma minus. Growth of the SPB mutualistic fungus
Entomocorticium sp. A on high melanin medium was less than half of the growth on control medium.  Growth of O.
ranaculosum was not significantly affected by the addition of melanin to malt extract agar. Four species of
biological control (of bluestain) fungi showed the ability to decolorize melanistic O. minus cultures to various
extents.
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1. Introduction

Melanins are dark biological macromolecules composed
of phenolic or indolic monomers (Butler and Day, 1998).
These secondary metabolites can protect fungi against
irradiation, enzymatic lysis, temperature extremes, and
dessication (Butler and Day, 1998).  At the same time,
melanins can be toxic (Henson et al., 1999), and can act as
virulence factors.  They may account for as much as 30% of
the dry weight of a cell (Butler and Day, 1998).  The role of
melanins in the ecology and pathology of some plant
pathogenic fungi has been reviewed (Henson et al., 1999),
however, virtually nothing is known about the roles of
these compounds in the biology of the bark beetle associated
stain (ophiostomatoid) fungi.  I report here a series of initial
investigations into effects of melanins on the interactions of
fungi associated with the southern pine beetle, and into
possible means for mitigating the damaging activities of the
melanistic fungus, Ophiostoma minus (Hedgcock) H. and P.
Sydow responsible for bluestain.

Bark beetles (Coleoptera: Scolytidae, altern.
Curculionidae: Scolytinae), are consistently associated with
fungi in a variety of interactions, from casual phoresy to
mutualistic symbioses (Paine et al., 1997). The southern
pine beetle (SPB) Dendroctonus frontalis Zimmermann is
among the most damaging of North American forest insects
(Price et al., 1992) and carries three primary fungi into the
trees it attacks. Ophiostoma minus is an ascomycete fungus
carried phoretically on the SPB exoskeleton and by phoretic
mites (Rumbold, 1931; Bridges and Moser, 1983).

While this fungus, in concert with beetle tunneling, may
hasten tree death (Paine et al., 1997), its main
economically damaging activity may be the blue staining
that its highly melanized hyphae impart to infected wood.
Southern pine beetles and their arthropod associates
(especially mites) are the only means by which O. minus
can gain access to new host tissue (Dowding, 1969). Thus,
at least at the early stages of SPB attack, a mutualistic
relationship exists between SPB and O. minus.  

However, by the time larvae begin developing within the
host tissues, O. minus becomes a competitor and antagonist
of SPB (Barras, 1970).  The mechanism of this antagonism
is likely due, in large part, to the interactions of SPB with
its two other significant fungal associates.  Each female
SPB possesses a mycangium (Barras and Perry, 1972; Happ
et al., 1971) within which she maintains a pure culture of
either Ophiostoma ranaculosum (syn. Ceratocystiopsis
ranaculosus, Jacobs and Kirisits, 2003; Barras and Taylor,
1973) or Entomocorticium sp. A (aka, SJB122, Barras and
Perry, 1972; Happ et al., 1976), an amber colored
basidiomycete (Hsiau, 1996).  These fungi are not virulent
in their pine hosts, rather they grow within the phloem,
sporulating heavily in beetle tunnels within which the SPB
larvae graze and likely obtain the majority of their nutrition
(Ayres et al., 2000).  Both mycangial fungi are nutritional
mutualists of SPB, though Entomocorticium sp. A appears
to be of greater benefit to the beetles than O. ranaculosum
(Bridges, 1985; Goldhammer et al., 1990; Coppedge et al.,
1995; Klepzig and Wilkens, 1997).  All three of these fungi
compete for uncolonized pine phloem (Klepzig and Wilkens,
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1997). The results of these competitions can have
significant impacts on their beetle hosts. Areas fully
colonized with O. minus are correlated with reduced
developmental success – inhibited egg production, slower
larval growth and development, even larval mortality
(Barras, 1970; Franklin, 1970).  In addition, overall levels
of O. minus within SPB infestations are negatively
correlated with SPB population increase (Bridges, 1985;
Lombardero et al., 2000).  

In addition to direct effects on SPB biology, O. minus
directly impacts the economic value of its host tree through
causing blue stain in infected tissues (Seifert et al., 1988;
Zink and Fengel, 1988).  This staining is mostly attributed
to the presence of melanin (Seifert, 1993).  Though slight
reductions in wood toughness, specific gravity and hardness
have been noted in association with infection by stain fungi,
these are generally considered insignificant (Seifert, 1993;
Schirp et al., 2003).

The detrimental effects melanins have on lumber as well
as their role in protecting plant pathogens, have made these
compounds the target of biological control efforts.  In
particular, various fungi and bacteria have been tested for
their ability to 'decolorize', or break down melanin (Rättö et
al., 2001).  Four fungal species have shown particularly
high abilities to decolorize melanin in one bluestain fungus
species, Aureobasidium pullulans (Rättö et al., 2001);
Bjerkandera adusta, Galactomyces geotrichum, Trametes
hirsuta, and Trametes versicolor.  The focus of these
studies was to gain a better understanding of the role of
melanin in interactions among SPB fungi through assays
examining the effects of melanin on fungal growth.  As a
second objective, I sought to quantify the possible utility of
four fungi as biological control agents of O. minus, the SPB
associated stain fungus.

2. Materials and Methods

Effects of melanin on growth of mutualist fungi.
Estimates of melanin content in O. minus were based on the
results of previous workers who had found hyphae of dark
colored fungi to contain 100–200 µg melanin/mg dry
weight (Frederick et al., 1999).  The weight of O. minus
hyphae in a fully colonized 9 cm petri dish of malt extract
agar (MEA) was found to be approximately 1 mg.  A low
dose (0.004 g) of melanin (from Sepia officinalis, Sigma-
Aldrich Corp., St. Louis, MO, USA) was suspended in 4
ml of 1% hydrogen peroxide and added to 500 ml molten
MEA. The resulting plates each contained 200 µg of
melanin ("low melanin"). To challenge the fungi with a
higher concentration of melanin, I prepared media containing
a 0.04 g of melanin (otherwise, as above).  These plates
contained 2 mg of melanin each.  Equal numbers of plates
containing 'Peroxide' media (4 ml 1% H2O2) or 'Control'
media (4 ml sterile distilled water) were also prepared.
Comparisons of pH  among  the  various media  revealed no

significant differences (all approximately equal, 6.4).
To assess the effects of melanin on the growth of the two

SPB mycangial fungi, 10 plates of each medium were
inoculated with a 0.5 cm disk of MEA colonized with
actively growing O. ranaculosum, or Entomocorticium sp.
A.  Each Parafilm sealed plate was incubated inverted, at
20°C in a growth chamber (8:16, L:D photoperiod).
Growth of each fungus was traced every two days until day
30.  A digital planimeter (Numonics Corp., Lansdale, PA)
was used to measure cumulative area grown by each fungus
(cm2) at each sampling date.  Effects of melanin on fungal
growth were analyzed using a repeated measures ANOVA in
Statview (SAS Institute 1992) and means separated using
Tukey/Kramer at the p<0.05 level.

Decolorization of O. minus produced melanin

Four melanin decolorizing fungi  (Rättö et al., 2001)
were obtained from the VTT culture collection (VTT
Biotechnology, Finland):  Bjerkandera adusta (strain VTT-
D-99746), Galactomyces geotrichum (strain VTT-D-
84228), Trametes hirsute (strain VTT-D-95443), and
Trametes versicolor (strain VTT-D-99747).

Forty plates of MEA were inoculated with an isolate of
O. minus (from SPB collected on the Homochitto National
Forest, MS, USA, isolate #OM8MS03, deposited in the
Forest and Agricultural Biotechnology Institute Culture
Collection, Pretoria, RSA).  Each of the cultures grew for 6
days (mycelial growth within 2 cm of the plate edge).  A
0.5 cm diameter disk of MEA colonized with one of the four
test fungi was place on the uncolonized agar (8 plates for
each fungus).  Eight control plates were only 'inoculated'
with an uncolonized disk of MEA.  The Parafilm sealed
plates were incubated inverted, in a 20°C growth chamber
(8:16, L:D photoperiod).  The area of O. minus which had
been decolorized after 37 days was traced, on the bottom of
each plate. Zones of interaction were identified as:
'Uncleared' ( O. minus hyphae dark brown to black), 'Partly
cleared' (hyphae sparse, tan to light brown), 'Mostly cleared'
(hyphae very sparse, hyaline to light tan), or 'Completely
cleared' (hyphae absent, agar hyaline to white).  Completely
cleared zones were so due to the complete absence of growth
by O. minus in the area.  In these cases, only the biocontrol
fungi had grown.  A digital planimeter was used to measure
the cumulative area (cm2) of each type of zone.  The effects
of these fungi on O. minus were expressed as a percentage of
the total area of the original O. minus colony at day 37, and
analyzed using ANOVA (Statview, SAS Institute 1992) and
Tukey/Kramer (p<0.05) mean separations.

3.  Results and Discussion

Effects of melanin on growth of mutualist fungi. Fungal
species significantly affected fungal growth (F1,70=645.7,
p<0.0001), so I analyzed the growth of O. ranaculosum,
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Figure 1. Growth of Entomorticium sp. A as affected by melanin
at high and low levels, and on control media either with or
without hydrogen peroxide. Bars are standard errors about the
mean.

Figure 2.  Growth of Ophiostoma ranaculosum as affected by
melanin at high and low levels, and on control media either
with or without hydrogen peroxide. Bars are standard errors
about the mean.

and Entomocorticium sp. A separately from one another.
Time × Treatment interaction significantly affected growth
of both Entomocorticium sp. A. (F36=13.3, p<0.0001), and
O. ranaculosum (F36=12.4, p=0.03).  Considered alone,
growth of Entomocorticium sp. A was significantly
(F3,35=15.6, p<0.0001) affected by the type of medium
(Fig. 1).  Growth of this fungus was most rapid on the
control medium.  The addition of hydrogen peroxide to the
medium significantly inhibited growth of this fungus, but
the addition of melanin at both the low and high levels
resulted in the greatest impact.  Growth of
Entomocorticium sp. A on the high melanin medium was
less than half what it was on control medium. Towards the
end of the assay period, Entomocorticium sp. A growth was

significantly less on high melanin medium than it was on
all other media.  Growth of this fungus was significantly
inhibited by low levels of melanin at a few measurements
dates, though by the end of the assay this difference was no
longer significant. Growth of O. ranaculosum was not
significantly (F1,35=1.8, p=0.16) affected by the addition of
melanin to MEA (Fig. 2).  Only slight inhibition was
evident in any of the amended media, and this seems likely
to have been due to effects of the added hydrogen peroxide.

Decolorization of O. minus produced melanin

Only the control plates (O. minus alone) consisted
entirely of uncleared zones, being completely colonized by
O. minus.  Conversely, the O. minus vs. control plates were
the only plates to show no partly cleared zones.  While
fungal treatment was significant in determining the
percentage of the plate which was partly cleared (F3,28=4.2,
p=0.01), T. versicolor plates showed significantly less
partly cleared areas (8.9 cm2) than did B. adusta (26.4 cm2)
and G. geotrichum plates (23.5 cm2).  Both B. adusta vs.
O. minus and G. geotrichum vs. O. minus plates, however,
showed partly cleared areas.  Fungal treatment was again
significant in determining the percentage of mostly cleared
areas (F3,28=4.9, p<0.01), but T. versicolor plates showed
significantly more mostly cleared areas (84.3 cm2) than did
the other biological control fungi (60.3 to 64.4 cm2).  Few
of the fungi tested produced sizable completely cleared
zones, and fungal treatment was not significant in
determining this parameter (F3,28=0.7, p<0.6).  All of the
biological control fungi exhibited similar growth rates, and
all showed the ability to decolorize the melanistic O. minus
cultures to some extent (data not shown).

The inhibition of Entomocorticium sp. A growth in
response to naturally occurring levels of melanin suggests
that at least part of the competitive edge that O. minus
enjoys over this important mycangial fungus is due to
chemically based, localized antibiosis.  In areas where the
bluestain fungus is growing abundantly, Entomocorticium
sp. A growth could be inhibited by 50% or more due to the
effects of melanin alone.  In contrast, O. ranaculosum was
not affected by melanin in our assays.  This fungus is,
however, easily overcome by O. minus in head-to-head
competition (Klepzig and Wilkens, 1997). Interactions
between O. minus and O. ranaculosum may involve
strategies other than the type of antibiosis seen with
Entomocorticium sp. A.  I have observed signs that O.
minus may even be lysing the cell walls of O. ranaculosum
as it grows through cultures of this fungus.

The ability of B. adusta, G. geotrichum, T. hirsuta, and
T. versicolor to decolorize melanin within cultures of O.
minus indicates promise for their use as biological control
agents to counter the staining effects arising from infection
with this SPB associated fungus.  Of the four fungi I tested,
T. versicolor was slightly more effective at altering the
appearance of O. minus cultures than the other three.
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However, the difference between the four fungi were usually
slight, and often insignificant.  The degree to which these
fungi might be efficacious in natural substrates (harvested
logs, standing/ beetle-attacked trees) remains to be seen and
should be tested.  In addition, the mechanism behind the
inhibition we report here, as well as the role of melanin in
the biology of other ophiostomatoid fungi, is worthy of
further consideration.

The interactions discussed here may have larger
implications to the biology of the beetle by which many of
these fungi are vectored.  For example, O. ranaculosum
appears to increase within infestations relative to
Entomocorticium sp. A, when O. minus abundance is high
(Hofstetter, 2004). The melanin based inhibition we see here
may be one mechanism by which the prevalence of
Entomocorticium sp. A is reduced while the association
between beetles and O. ranaculosum is favored. Such
changes in the relative abundance of the two mycangial
fungi may have consequences to beetle population growth.

Acknowledgements

The author thanks Tessa Bauman for technical assistance.
The manuscript was greatly improved by reviews from D.L.
Six and R.W. Hofstetter.

REFERENCES

Ayres, M.P., Wilkens, R.T., Ruel, J.J., and Vallery, E.,  2000.
Fungal relationships and the nitrogen budget of phloem-
feeding bark beetles (Coleoptera:Scolytidae).  Ecology 8 1 :
2198–2210.

Barras, S.J. 1970.  Antagonism between Dendroctonus
frontalis and the fungus Ceratocystis minor. Annals of the
Entomological Society of America 63: 1187–1190.

Barras, S.J. and Perry, T.J.  1972.  Fungal symbionts in the
prothoracic mycangium of Dendroctonus frontalis.
Zeitschrift für Angewandte Entomologie 71: 95–104.

Barras, S.J. and Taylor, J.J. 1973. Varietal Ceratocystis minor
identified from mycangium of Dendroctonus frontalis.
Mycopathologia et Mycologia Applicata 50: 203–305.

Bridges, R.L. 1985. Relationship of symbiotic fungi to
southern pine beetle population trends. In: Integrated Pest
Management Research Symposium: The Proceedings.
Branham, S.J. and Thatcher, R.C., eds. USDA Forest Service,
Asheville, NC, General Tech. Report SO-56, pp. 127–135.

Bridges, J.R. and Moser, J.C. 1983. Role of two phoretic mites
in transmission of bluestain fungus, Ceratocystis minor.
Ecological Entomology 8: 9–12.

Butler, M.J. and Day, A.W. 1998. Fungal melanins: A review.
Canadian Journal of Microbiology 44: 1115–1136.

Coppedge, B.R., Stephen, F.M., and Felton, G.W. 1995.
Variation in female southern pine beetle size and lipid
content in relation to fungal associates. Canadian
Entomologist 127: 145–154.

Dowding, P. 1969. The dispersal and survival of spores of fungi
causing bluestain in pine. Transactions of the British
Mycological Society 52: 125–137.

Franklin, R.T. 1970. Observations on the blue stain-southern
pine beetle relationship.  Journal of the Georgia
Entomological Society 5: 53–57.

Frederick, B.A., Caesar-Tonthat, T.C., Wheeler, M.H.,
Sheehan, K.B., Edens,  W.A., and Henson, J.M. 1999.
Isolation and characterization of Gaeumannomyces graminis
var. graminis melanin mutants. Mycological Research 1 0 3 :
99–110.

Goldhammer, D.S., Stephen, F.M., and Paine, T.D. 1990. The
effect of the fungi Ceratocystis minor, Ceratocystis minor
var. barassii and SJB 122 on reproduction of the southern
pine beetle, Dendroctonus frontalis.  Canadian
Entomologist 122: 407–418.

Happ, G.M., Happ, C.M., and Barras, S.J. 1971. Fine structure
of the prothoracic mycangium, a chamber for the culture of
symbiotic fungi, in the southern pine beetle, Dendroctonus
frontalis.  Tissue and Cell 3: 295–308.

Happ, G.M., Happ, C.M., and Barras, S.J. 1976. Bark beetle-
fungal symbiosis.  II.  Fine structure of a basidiomycetous
ectosymbiont of the southern pine beetle.  Canadian
Journal of Botany 54: 1049–1062.

Henson, J.M., Butler, M.J., and Day, A.W. 1999. The dark side
of the mycelium: Melanins of phytopathogenic fungi.
Annual Review of Phytopathology 37: 447–471.

Hofstetter, R.W. 2004. Interspecific interactions and
population dynamics of the southern pine beetle.  PhD
Dissertation.  Dartmouth College, Hanover, NH.  Pp. 190.

Jacobs, K. and Kirisits, T.  2003.  Ophiostoma kryptum sp. nov.
from Larix decidua and Picea abies in Europe, similar to O.
minus.  Mycological Research 107: 1231–1242.

Klepzig, K.D. and Wilkens, R.T. 1997. Competitive
interactions among symbiotic fungi of the southern pine
beetle.  Applied and Environmental Microbiology 6 3 :
621–627.

Lombardero, M.J., Klepzig, K.D., Moser, J.C., and Ayres, M.P.
2000. Biology, demography and community interactions of
Tarsonemus (Acarina:Tarsonemidae) mites phoretic on
Dendroctonus frontalis (Coleoptera:Scolytidae).
Agricultural and Forest Entomology 2: 193–202.

Paine, T.D., Raffa, K.F., and Harrington, T.C. 1997.
Interactions among Scolytid bark beetles, their associated
fungi, and live host conifers.  Annual Review of Entomology
42: 179–206.

Price, T.S., Doggett, C., Pye, J.M., and Holmes, T.P. 1992. A
history of southern pine beetle outbreaks in the southeastern
United States.  Georgia Forestry Commission, Macon, GA.

Rättö, M., Chatani, M., Ritschkoff, A.C., and Viikari, L. 2001.
Screening of micro-organisms for decolorization of
melanins produced by bluestain fungi. Applied Microbiology
and Biotechnology 55: 210–213.

Rumbold, C.T. 1931. Two blue-stain fungi associated with bark
beetle infestation of pines.  Journal of Agricultural
Research 43: 847–873.

SAS Institute, Inc.  1992. Statview for Windows.  Version
5.0.1.  SAS Institute Inc, Cary, NC.

Schirp, A., Farrell, R.L., and Kreber, B. 2003. Effects of New
Zealand sapstaining fungi on structural integrity of
unseasoned radiata pine.  Holz als Roh- und Werkstoff  6 1 :
369–376.

Seifert, K.A. 1993. Sapstain of commercial lumber by species
of Ophiostoma and Ceratocystis. In: Ceratocystis and
Ophiostoma: Taxonomy, Ecology, and Pathogenicity.
Wingfield, M.J. Seifert, K.A., and Webber, J.F., eds.
American Phytopathological Society Press, St. Paul, pp.
141–151.  

Seifert, K., Breuil, C., Rossignol, L., Best, M., and Saddler J .
1988. Screening for microorganisms with potential for
biological control of sapstain on unseasoned lumber.
Material und Organismen 23: 81–95.

Zink, P. and Fengel, D. 1988. Studies on the colouring matter
of bluestain fungi.  Holzforschung 42: 217–220.


